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A LIGHT SOURCE , AND A FIELD EMISSION CATHODE. 



FIELD OF THE INVENTION 

The present invention relates to a light source according to 

i ntgQductciry port i on o; cU^m 1, — ocpoGiaily a ligh^ couroo 

for illumination. Further, the present invention relates to a 
field emission cathode according to the introductory portion 
of claim 21.. 

BACKGROUND OF THE INVENTION 

One common type of light sources is the fluorescent tube. It 
has many advantages, but suffers from serious drawbacks. For 
example, there is always a delay after the power has been 
turned on until it starts to operate giving full light. It 
needs complicated control equipment, which requires space. To 
obtain light with a source of this kind it is unfortunately 
necessary to use materials having negative environmental 
effects. It is for example a big disadvantage that mercury has 
to be used in this type of light sources. 

Cathodoluminescent light sources is another interesting type 
of light sources. Such light sources, including an evacuated 
envelope containing a grid and a heated cathode, for emission 
of electrons, are known from GB, A, 2 070 849 (The General 
Electric Company Limited) , GB, A, 2 097 181 (The General 
Electric Company PLC), G5, A, 2 126 006 (The General Electric 
Company pic) and GB, A, 2 089 561 (The General Electric 
Company Limited) . The insides of the envelopes are covered 
with a layer of phosphor of an electron-responsive type. These 
cathodoluminescent lamps have essentially the form of an 
electric bulb . 



Since these light sources all have a heated cathode, the 
cathode has to be heated by special means, before the emission 
of light starts. 

The use of electrons exciting phosphor to luminescence has the 
effect that more heat is produced than in comparable 

fluorescent tubes, it i5 tnerefore ddvanLdy euua if the active 

surface, for the emission of light and for the necessary heat 
dissipation, is large. The cathodoluminescent lamps shown in 
the documents mentioned do not have optimal surfaces. 

To overcome the drawbacks and problems with the fluorescent 
tubes and cathodolumine scent light sources, light sources 
having field emission cathodes were developed. 

A light source of this kind is disclosed in US, A, 5 588 853 
(Kentucky Research and Investment Company Limited) . A field 
emission cathode is arranged inside an evacuated glass 
container having a luminescent layer arranged on its inner 
surface. A modulator or extraction electrode is provided 
between the cathode and the luminescent layer. The cathode 
includes carbon fibres, arranged in bundles, preferably in a 
matrix, on a substrate. The content of US, A, 5 588 893 is 
incorporated herein by reference. 

However in the last-mentioned known light source, electrons 
are emitted only in a direction perpendicular to the 
substrate. Also, there is no indication in the document how to 
produce the light source in a cost-efficient way. 



10 



15 



20 



25 



/: The above mentioned US, A, 5 588 893 (Kentucky Research and 

Investment Company Limited) also discloses a field emission 
cathode of the kind mentioned above. The cathode disclosed 
includes carbon fibres, arranged in bundles, preferably in a 

•3-5 matrix, on a substrate. The document also discloses a method 



including treatment of the emitting surfaces in order to 
achieve a cathode with higher efficiency than previous 
cathodes . 

5 Further, WO, Al , 98/57 344 (LightLab AB) and WO, Al , 98/57345 
(LightLab AB) disclose light sources having cylindrical 

geometry and employing field emlbhiuu. In erdee to obtain tha 

necessary electric field for field emission, the mentioned 
light sources include grids or modulator electrodes arranged 

10 close to the field emitting surfaces of the cathodes. In those 
light sources a relatively high electric field has to be 
created between the cathode and the grid, and the distance 
between the field emitting surfaces and the grid has to be 
small and uniform in order to achieve a sufficient electric 

15 field for field emission and good distribution of electrons 
emitted from the cathode. 

A further document, WO, Al, 97/07531 (Silzars et . al . ) 
discloses a lighting apparatus including a field emission 
20 cathode. The cathode is built up of one or more fibers. The 

fibers are very thin, having a diameter less than 100 microns, 
and preferably less than 10 microns. The diameters are 
selected in order to achieve field emission at reasonable 
voltages. A construction according to this document having one 
25 fiber will be inoperative if the fiber is broken. Since the 

fiber is very thin, the probability of that it breaks appears 
•. t o be high. However, the probability is probably somewhat 

:' lowered by arranging more than one fiber in parallel, for 

redundancy. Moreover, the electron emission surface is very 
. 30 small due to the small diameter of the fiber (s) . 

• * 

Previously known field emission cathodes are often of a 
complicated and fragile construction, especially as concerns 
the mountings and the attachment of field emitting bodies. 
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lc has been found in connection with cathodes Incluain, 

Ldard carbon £l bers and . grid that the electrical 
acting b ecween the cathode and a arid or an anode ««" 



. 7/ =uted thereto. Once loose, the fibers -ill. in 

To t cases, he attracted by the grid and cause a ahott c.t^t 

hetween the cathode add U.M yHd, until it hnrns of U » 

some time due to the resulting current through the fibres. 

10 SUMMARY OF THE INVENTION 

It is an o bj e=t of the invention to provide a light source and 
a field emission cathode, respectively, providing a 
concentrated electric field at the field emission surface (s, , 
and by which at least some of the drawbacks above are 
eliminated or reduced. 

Th ese and Cher objects are attaxned by the features set forth 
in the appended independent claims. 

By the features in claims 1 and *l, it is achieved a light 
source and a field emission cathode, respectively, 
long life, with high efficiency and stability, which can be 
produced at low cost. 

By the features in claims 1 and IS, it is achieved a light 
source and a field emission cathode, respectively, havrng a 
su^cier.t electric field for field emission with good 
distribution and high emission of electrons from the cathoce . 

By th e features in claxms 1 and V, " - \ 
light source and a field emission cathode, respectively, in 
which field emission can be obtained without the use of a grxd 
:.*. or extraction electrode. 

'-.53 
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By the features in claim 1, further, a light source without a 
starting up period is achieved, i.e. when the power is turned 
on, the light starts immediately, thanks to the use of a field 
emission cathode. A light source with no need for materials 
having negative environmental effects is also achieved. 

By the features in claim 1, gurtnei, a xrgtrfc aeuiree having a 

field emitting cathode of simple and robust construction is 
obtained . 



3y the features in claim 5, further, a light source having a 
large active light emitting surface is achieved. This 
efficient use of the surface renders it possible to achieve a 
light source having a high light emission in relation to the 
15 heat produced. 

By the features in claim 2' , further, a field emitting cathode 
of simple and robust construction is obtained. 

20 By the features in claims 2/ through 33, a field emitting 

cathode is obtained which further provides for a high emission 
and uniform distribution of emitted electrons, in particular 
through a cylindrical surface region surrounding the cathode. 
A cathode with low interference between the field emitting 

25 surfaces is also achieved. 

Further features and advantages will be apparent from the 
dependent claims and the detailed description below. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows schematically a longitudinal section of an 
embodiment cf a light source according to the present 
*> : 2$ invention, 
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Fig . 2 shows schematically a cross section taken a, II-II ir. 
Fig. 1* 

Fig . 3 shows schematically the cathode and the anode of Figure 
2, 

ulu 4 .howo c^ri rally a cross section of an alternate 
embodiment of a light source according to the present 
10 invention, 

Fig 5 shows schematically a cross section of a further 
alternative embodiment of a light source according to the 
present invention, 



15 



Fig 6 shows schematically a cross section of a yet further 
alternative embodiment of a light source according to the 
present invention, and 

Fig . 7 shows schematically a possible shape of a light source 
according to the present invention. 
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hematically th\ ca/hode and the arJSte of Figure 
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Fig 4 /hows schematically/a cross section oi 
emb odZent of a\ht so/ce accordin\to t/e present 
invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to figure 1, there is shown, in a schematic 
longitudinal section, an embodiment of a light source 
according to the present invention, identifxed generally by 
t he numeral 10, and especially intended for illumination 
purposes. It includes a container having walls, one of which 
is identified by the numeral 20. This wall 20 has an outer 
glass layer and is shown to be cylindrical. The cylinder 20 
has an end 21 which is covered by an end cap 60. A sealing 
(not shown) is provided between the end cap and the cylinder 
20, in order to achieve an air-tight sealing of the container. 
At' the other end 22 of the cylinder 20 an end cap 61 is 
provided, similar to the one arranged at the end 21, also 
provided with a sealing. Alternatively, at the end 22 there 
can be arranged a circular wail as a continuation of the 
cylinder wall 20, also having an outer layer of glass. The 
container is sealed in order to maintain the vacuum 
(approximately lO' 6 torr) created when the container is 
evacuated . 



in.side the container and preferably coaxially therewith, a 
cathode 40 is arranged. This cathode is a cold cathode, 
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especially a field emission cathode. Its construction and 
function will be explained further below. 

Th e light source is provided with electrical conn ections 51 
52 and means (not shown) for fastening of the cathode 40. The 
cathode 40 can be soldered to the caps 60, 61 ; ^ 
adhered to the caps 60, bl by an aUhasi^, probably as 
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lectrically conducting adhesive. It could also be damped to 
the caps 60, 61 by clamping means or gripped by gripping 
me ans. It is also possible that a circular wall, which is a 
continuation of the cylinder wall 20, is provided with 
supporting, fastening or gripping means. 

The cylindrical part 20 of the container walls surrounding the 
cathode 40 consists of an outer glass layer 23, a phosphor 
layer 24 (a cathodoluminescent phosphor) and an inner 
conductive layer 25 forming an anode. The phosphor layer is a 
ium^nescent layer which upon electron bombardment emits 
visible light. The anode is preferably made of a reflecting, 
electrically conductive material, e.g. aluminium. By arranging 
an aluminium layer covering the phosphor layer, adverse 
effects on the vacuum by possible evaporation of the phosphor 
are avoided. 

The electrical connection means 51, 52 connect the cathode 40 
and the anode 25, respectively, to a feed and control circuit 
(not shown). Those connection means preferably include 
conductive terminal pins which extend through the cap 60 and 
are insulated from each other. The electrical connection means 
52 could further include conductive fingers or similar, which 
are in contact with the anode layer 25 provided inside the 
container. The openings for the electrical connection means 
,1 52 in the end cap 60 are air-tight sealed. At the other 
end 22 of the container wall 20, there can be arranged an end 
^5 cap 61 similar to the end cap 60, to support the cathode 40. 



However, this end cap 61, at the ether end 22, could be fcrir.ed 
without electrical connection means. 

The cathode 40 includes a relatively thin wire or rod, of 
5 electrically conductive material, e.g. a nickel wire. The wire 

cr rod preferably has a circular cross section and its 
diameter is in the millimeter range, dlnjuL one to a few nro , 

e.g. 0.5- 5mm or 1.5-2mm. This provides for a strong and 

durable cathode, exhibiting a surface sufficient for a high 
10 emission of electrons. The area of the wire is also sufficient 

for the current to be conducted therethrough. 

Figure 2 shows the light source of Figure 1 in a cross section 
taken at II-II. 
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In operation, a DC voltage is supplied between the cathode 40 
and the anode 25 by means of a feed and control circuit (not 
shown), which could be located in a housing, connected to the 
AC mains e.g. through an ordinary lamp socket. The feed and 
control circuit supplies the voltages to the conductive 
terminal connections 51-52, to which it is connected. 
Preferably connection 52 is at ground potential and connection 
51 is negative. When the voltage is applied, an electrical 
field is created between the cathode 40 and the anode 25. 



Due to the geometry of the light source according to the 
invention a favourable distribution of the electric field is 
obtained. The electric field is strongest where a strong 
electric field is needed, for obtaining field emission, namely 
/3J3 around the cathode. The following formula gives the electric 
field strength in a structure according the invention, having 
a central conductor coaxially surrounded by a circular 
cylindrical conductor: 



g( r ) = V ° - , where Z C r ) is the electric field strength at 



r 



radius r with respect to the central axis of the central 
conductor, V 0 is the voltage applied between the conductors 
{cathode and anode in the light source), R c is the inner radius 

5 nf th e cylindrical conductor (the anode) and Rj is the outer 

radius of the inner conductor (the cathode) - In Figure 3, 
which schematically shows the cathode and the anode of Figure 
2, variables of the formula are indicated. As seen from the 
formula a very strong electric field close to the cathode can 

10 be obtained with suitably selected dimensions. Especially a 
small radius of the cathode (small r) will give a high 
electric field close to the cathode. The electric field lines 
will be concentrated around the cathode, and it can be seen as 
if the cathode were surrounded by a virtual extraction 

15 electrode. 

In order to obtain field emission from the cathode, it is 
covered with a field emitting material, such as a layer of 
carbon nanotubes. The electric field is then further amplified 

20 around the field emitting tips, and an amplification factor 

(of the field) of 1000 and even more can be obtained. This can 
be seen as an amplification of the effect of said virtual 
extraction electrode. Taking this amplification factor (about 
1000) into account, the electric field needed to efficiently 
•-25 extract electrons (by field emission) from a layer of 

:" nanotubes is about 1 kv/mm. 



."*"; For further explanation and discussion of nanotubes it is 

\ referred to the articles "Field emission from carbon 

- nanotubes: a comparative study" by J M Bonard, J P Salvetat, T 

Stockli, L Forr6, A Chatelain, Proceedings of the 193— ECS 
• y : '[ sumposium, 1998, and "Field emission properties of multiwalled 

carbon nanotubes" by J M Bonard, F Maier, T Stockli, A 
Chatelain, W A de Keer, J P Salvetat, L Forro, Ult ramie rosccpy 



73 (1998) 7-15, which articles are incorporated herein by 
reference . 

The irregularities are formed by carbon nanotubes applied on 
che (cylindrical) surface of the wire or rod included in the 
cathode. The nanotubes have a very short length, less than 
about 10 nm, and do not affect Pliable i - in *h « ffnmiiH- 



since the diameter of the wire or rod of the cathode is 
selected in the mm range, about one to a f ew mm, e . g . 0.5-5 mm 
10 or 1.5-2 mm. The tips of the nanotubes have a radius of 
curvature being in the range 0.1-100 nanometers. 

The applied carbon nanotubes can be of different types, e.g. 
single wail nanotubes or open or closed multi wail nanotubes. 

15 in this case cataiyticaliy deposited multi wail nanotubes 
deposited in the form of a film are suitable and can be 
applied by a simple process. Such nanotubes are suitable for 
depositing on a wire and they will be appropriately oriented 
by the process, with their respective longitudinal axis being 

20 essentially perpendicular to the longitudinal axis of the 
wire. Further, application of nanotubes by a catalytic or 
alternatively CVD process results in good uniformity and low 
manufacturing cost. Recent laboratory measurements confirm 
that the amplification factor is about 1000 in cataiyticaliy 

25 deposited nanotube films and that currents up to 10 mA/cm 2 are 
obtained. 

T when the field strength is sufficient to cause field emission 

of electrons from the field emitting surfaces (tips) of the 
:>€f field emitting material (nanotubes) of the cathode 40, the 

electrons will accelerate and travel towards the anode 25. Due 
to the high kinetic energy of the electrons and the fact that 
the anode layer is relatively thin { UsS JJi*>t O.f SHcAof) 
the electrons will pass through the anode so as to enter 
.53 the phosphor layer while still having sufficient kinetic 
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te excite the phosphor to luminescence, whereby "s^le 
energy tc excite p return to the ancae 

light is emitted. The electrons wU. .hen return 
co be drained off. The electron bombardment will cause, 
besides light, heating of the cylinder wall 20^ The g ass 
lay er will prov.de for the dissipation of the hea The 
voltage is in the range of kV, typically about 4-8 kV . 
ZZ e much depends oh tU. ^ uf n-M ^ 

phosohor a-re continuously developed and because of that, 
t e vo -ge must be adapted to the specific type of phosphor 
used. Changing the type of phosphor and thereby the voices 
will cause changes in the currents and the heating of the 
cylinder wall. 

If for example a phosphor layer 2, which needs to be bombarded 
with electrons of about a KV in order to obtain a good 
efficiency, and the cathode ,0 has a diameter of about - 
ord er to assure that the nanotube layer has a sufficiently big 
surface to emit the current needed for high light intensity, 
the above formula gives an electric field of 4 
cathode surface with an inner diameter of the anode "being 
55 mm. Wrth a cathode diameter of U mm, ft kV/mm - obtained 
at the cathode surface if the inner diameter of the anode 25 

<s 28 mm. » frU *f ! kV/ ™ haS been ChOSSn ^ 

examples to be safely above the 1 kV/mm needed. 

For the example above with a cathode diameter of U > mm and an 
inner diameter of the anode being 28 mm, a length of 20 mm 
(anode and cathode) gives an electron emission surface of 
about 1 cm 2 . From this surface electrons corresponding to a 
current of 10 mA can be emitted. The corresponding phosphor 
surface is about 20 cm 2 , which thus gives a current density of 
0 5 mA/cm 2 at the phosphor surface. This is a too high density 
for continuous operation (for a high voltage of 8 kV, this 
corresponds to 80 W for a 20 mm long cylinder lamp). 



:3S: 



With a light source according to the invention there is tr.ua 
no problem to obtain currents, and consequently light 
intensities well corresponding to what is obtained from a 
classical fluorescent light tube. As seen from the examples 
5 the outer diameter of a light source according to the 
invention can be made to correspond well to that of a 

classical f luorescent light tube. As d^UdienL f BO m th a 

description, the light source according to the invention 
starts to emit light immediately, when a voltage is applied 
10 between the anode and the cathode. 

Due to the geometry of the light source according to the 
invention, the dimensional tolerances^ nut huu'Oare not 
required to be very exact, especially in comparison to light 
15 sources having a grid. This is apparent from the formula 
above, and contributes to low manufacturing costs. 

Figure 4 shows an alternative embodiment of a light source, 
according to the invention, in cross section. What differs 
20 from fig. 2 is the arrangement of the layers of the wall 20'. 

It includes an outer glass layer 23', which is covered, or. at 
least a major part of its inside, by an electrically 
conductive transparent material forming the anode 25'. The 
anode 25' then carries the phosphor layer 24' on the inside. The 
25 anode is made from e.g. ZTO.Q'™**"'" ^.h 0«*J*)^° 
establish direct electrical contact with the anode 25', 
conductive fingers can be arranged as mentioned above and some 
j regions of the anode 25' are therefore not covered with 

0 phosphor. Alternatively, electrically conductive surfaces 

3b being in contact with the anode can be applied on to the 

phosphor layer. Those surfaces are small not to interfere with 
the operation of the light source but of sufficient size to 
establish electrical contact with the conductive fingers. 
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r- not this errbodxment illustrated in figure 4 is 
The operation ot this embod iment illustrated m 

rr 3 ::::: r :::::::: t ^ r:: = °-:i:i d ° 

no t to ,ao r ^ t h. «.° X 2: th e cathode a,. ^ 
illustrated in figure 2. 

In the previous embodiments, - ^ZZ , 

be arranged cone -«--V ^ - ™ ln figu „ 5 . 

« «° b « n0n - COn r" i r a h de 0 is located at a distance d 
"" °" Cen "K th Z ind-ca, co„U,ne t ,.U 20. By this 
from tha center* of the cy incr eased at portions 

,rran g ement. the electrrc freld wrl be ^ 
of rhe container and decree ed » other P ^ ^ 

possibility to controi the li,ht certain 
increased ii g ht -"nsitre. can h *™ ^ ^ 

di - CtiOM - H r;"u no e -tantiaiiy changed due to the 
extractaon £ e d » ^ J ^ d . If th . lnn9 r 

sconce tr etc ^ ^ _ ^ ^ ^ 

dramet.r of the cyl dlstance d of S mm will 

diameter of the cathode i „,rtions of the cylinder 

th e cathode 40. ror small distances <* ^ ioity is 

affects are almost none. This means that exact 
„" necessary for ohtainin, homogenous li 9 ht emrssron. 

~* i-Ko invention is shown, 
c a further embodiment of the invenuxui 
In fxgure 6, a further e ^ 

where the cathode 40, i.e. the carrier (wire > 

• l3ri ties (the nanotubes), have a non-circal-r 

surface ""^"^"^^ sho wn is elliptical, but could 

cr oss section. The cross sectio^ _ h ^ tina anv sh arp 
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corners. In this case the electric field, the current cer.sities 
and the light intensities can be controlled in a similar manner 
as in the previous embodiment of figure 5. 

In earlier embodiments the container has been shown to be a 
straight cylinder. However other shapes are possible. I figure 
7 a container having the shape of a bent tube, is shown. The 

r-» n be bent in a circular form or semi-circular, as shown. 



Since nanotubes are conductive the core or carrier (the wire or 
rod) of the cathode 40 does not have to be conductive. It can 
be made of a semi-conductive or an insulating material. In such 
a case the nanotubes are applied in a continuous layer, and 
electrical connections are provided to this layer. This is 
15 valid for all previous embodiments. 

In the embodiments above a phosphor layer and an anode layer 
have been employed. However, using a conductive phosphor, this 
layer can also serve as anode, and the special anode layer can 
20 be omitted. 

Although the invention is described by way of the above 
examples, naturally, a skilled person would appreciate that 
many other variations than those explicitly disclosed are 
25 possible within the scope of the claims. 

It should be noted that although the embodiments include 
certain details for the electrical connection and for the 
support of the parts in the light source, those can be formed 
.30 in many other ways, as appreciated by a person skilled in the 
art. and do not limit the scope of invention. 
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CLAIMS 

- A Light source, comprising an evacuated container having 
wails, at least a portion of which comprises an outer glass 
layer (23, 23') which on at least part thereof is coated on tne 
xnside with a layer of phosphor (24, 24') forming a luminescent 

lay er B n d a conductive ^yer (25, 25') forming an anode, which 

layer of phosphor (24, 24') is excited to luminescence by 
electron bombardment from a field emission cathode (40, 40') 
located in the interior of the container, 
characterised in that 

the field emission cathode (40, 40') comprises an 
elongate wire-shaped carrier having a cylindrical surface 
and a diameter in the range 0.5-5 mm, and 
at least a portion of said cylindrical surface being 
provided with conductive surface irregularities in the 
form of tips, having a radial extension being less than 
about 10 Jim. 

2. The light source according to claim 1, wherein the elongate 
carrier is made of a conductive material. 

3. The light source according to claim 1, wherein the elongate 
carrier is made of a semi-conductive material. 

4. The light source according to claim 1, wherein the elongate 
carrier is made of an insulating material. 

5 The light source according to any of claims 1-4, wherein the 
container has a cylindrical shape and a diameter in the range 
8-80 mm. 

6. The light source according to any of claims 1-5, wherein the 
elongate carrier is ccaxially arranged in the container. 

7. The light source according to any of claims 1-5, wherein the 

...... ■_ ». ^ •! 1 l .r ,,rjnHoH in l-he rnnt^inf. 
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8. The light source according to any cf claims 1-7, wherein 

che elongate carrier has an essentially circular cross 
section . 

5 

9. The light source according to any of claims 1-7, wherein 

the elongate carrier has a non-circular cross section 
with a smooth curve, e . g . elliptical . 

10 10. The light source according to any of claims 1-9, wherein 
the elongate carrier comprises a wire. 

11. The light source according to any of claims 1-9, wherein 

the elongate carrier comprises a rod. 

15 

12. The light source according to any of claims 1-11, wherein 

the tips have a radius of curvature being in the range 
0 . 1-100 nanometers . 

20 13. The light source according to any of claims 1-12, whereir: 
the elongate carrier has a first longitudinal axis, 
the cylindrical surface is at least partially covered 
with carbon nanotubes, each having a second longitudir.a ; 
axis being essentially perpendicular to the first 

25 longitudinal axis, and 

free ends of said nanotubes constitute said tips. 

14. The light source according to claim 13, wherein said 
"/ nanotubes are arranged on the carrier in the form of a 

\ 30 deposited nanotube film. 

; "j 15. The light source according to any of claims 1-14, wherein 

; ] : the tips are essentially uniformly distributed around the 

carrier. 



16. 



The light source according to any of claims 1-15, wherein 
the luminescent layer (24) is arranged between the glass 
laver (23) and rh^ ^nnH P o*>\ 
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the anode (25) is made of a reflective material for 
r efleotion of the light emitted from the luminescent, 
layer (24) . 

c L 7 The light source according to any of claims 1-15, wherein 
_ ' the anode (25') is arranged between the glass layer U 3 . 
and the luminescent layer (24'), and 
the ^ode (25') is made of a transparent material. 

10 18 The light source according to any of claims 1-15, wherein 
^ _ the phosphor layer is formed by a conductive phosphor anc 

the phosphor layer also forms the anode - 

19 ^e light source according to any of claims 1-18, wherein 
15 the container has the shape of a straight cylinder. 

20 The light source according to any of claims 1-18, wherein 
the container has the shape of a curved tube, curved in e.g. a 
circular or semicircular curve. 

21 A field emission cathode (40), for use in a light source, 
and to be at least partially encompassed by an anode, and 
comprising an elongate electrically conductive means, 

characterised in that 

said elongate electrically conductive means includes 
conductive surface irregularities in the form of tips, 
having a radial extension being less than about 10 jim, 
and being provided on at least a portion of a wire-shaped 
~. ! carrier having a cylindrical surface and a diameter in 

: 3Q the range 0,5-5 mm. 

22 The field emission cathode according to claim 21, wherein 
the elongate wire-shaped carrier is made of a conductive 
material . 

23 The field emission cathode according to claim 21, wherein 
the elongate wire-shaped carrier is made of a semi-conductive 
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24 -he field emission cathode according to claim 21, where.n 
the elongate wire-shaped carrier is made of an insulating 
material . 

25. The field emission cathode (40) according to any of claims 
21-24, wherein 

the cathode is to be at least partially encompassed by an 
anode having a cylindrical shape and a diameter tn rtre 
I q range 8-80 mm. 

26. The field emission cathode (40) according any of claims 21- 

25, wherein 

the elongate carrier has an essentially circular cross 
15 section. 

27. The field emission cathode (40) according to any of claims 

21-25, wherein 

the elongate carrier has a non-circular cross section 
20 with a smooth curve, e . g . elliptical . 

28. The field emission cathode according to any of claims 21- 

27, wherein 

the elongate carrier comprises a wire. 

29. The field emission cathode according to any of claims 21- 
21, wherein 

the elongate carrier comprises a rod. 

30. The field emission cathode according to any of claims 21- 

29, wherein 

the tips have a radius of curvature being in the range 
0.1-100 nanometers. 

35 31. The field emission cathode according to any of claims 21- 

30, wherein 

the elongate carrier has a first longitudinal axis, 
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.30 



tne cU-r.cal surface " .t least partially cov.~a 
the cyn having a second longitudinal 

with carbon nanotube,, each having 

axis being essentially perpendicular to the first 
longitudinal axis, and 

fre e ends of said nanotubes constitute said tips. 

32 The field emission cathode according to claim 31, wherein 

Zl*Z ^ , e arranged on the carrier in the for, of a 

deposited nan.otube film. 

,3 T he field emission cathode according to any of claims 21- 
H] .herein the tips are essentially uniformly districted 



a 



round the carrier. 




mission cathode and a field 
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Abstract 

A light source including a field em 
emission cathode. 

The light source, comprises an evacuated container having 
walls, including an outer glass layer (23, 23') which on at 
least part thereof is coated on the inside with a layer of 
phosphor (24, 24') forming a luminescent layer and a conductive 

layer (25, 25') forming an anode. The phosphor (24, 24') is 

excited to luminescence by electron bombardment from a xieia 
emission cathode (40, 40') located in the interior of the 
container. The field emission cathode (40, 40') comprises an 
elongate wire-shaped carrier having a cylindrical surface and a 
diameter in the mm range. At least a portion of said 
cylindrical surface is provided with a conductive layer having 
surface irregularities in the form of tips, having a radial 
extension being less than about 10 urn. Due to the geometry and 
the tips, the electric field is concentrated and amplified at 
the field emission surface. 



Fig. 5 




Fig. 4 



